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such impacts include uncontrolled cutting, grazing, remo-
val of the litter layer, burning and clearing for expansion of 
agricultural lands, change of use of forests and forest lands 
for the purpose of developing infrastructure, tourism, rai-
sing of vineyards and olive groves, etc. Such long-term pro-
cesses, in combination with fires, specific climatic conditi-









and development of trees in the Mediterranean ecosystem 
is the lack of water during summer (Di Castri 1981, Ogaya 
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Holm oak is a widely distributed Mediterranean oak spe-
cies found in moderate to dry habitats (Archibold 1995). 
This is a very important species for the regeneration of de-

















Prijelazna sastojina alepskog bora s 
podrastom crnike i njezinih pratilica
 











Figure 1. Forest regression (left) and progression assisted by silvicultural treatments (right) in the Mediterranean (Matić et al. 2011).
Slika 1. Shema	regresije	(lijevo)	i	progresije	šuma	potpomognute	šumskouzgojnim	postupcima	(desno)	u	eumediteranu	(Matić	i	dr.	2011)
393UGARKOVIĆ D. et al.: MICROCLIMATE DIFFERENCES IN THE DEGRADATION STAGES OF HOLM OAK FORESTS
of these habitats, such as Pinus spp. (Baeza et al. 1991, 






cover 29,000 ha. The degradation stages cover 120,000 ha 
as maquis and 23,437 ha as garrigue (Čavlović 2010).
Afforestation by Aleppo pine improves habitat characteris-
tics, especially soil conditions. The main role of pine culture 
is ameliorative: protecting the soil, creating favorable mi-
croclimate conditions, improving physical and chemical soil 
characteristics, and returning the autochthonous broad-
leaved vegetation and economic value (Španjol et al. 2006). 








esis is that, once enough canopy trees are removed or 
damaged, the understory microclimate becomes inhospi-
table to the Holm oak understory species. Cutting or thin-
ning forests results in alterations to microclimate conditions 
(Aussenac 2000). According to Aussenac (2000), it is nec-
essary to study the interactions between forest stands and 
the microclimate, especially in climatic areas characterized 
by large water deficits such as those common in the Medi-




est canopies, mostly in the subalpine and temperate climate 
zones (Aussenac 2000, Morecroft et al. 1998, Latif and 
Blackburn 2010, Arx von et al. 2013, Ugarković et al. 2018). 
However,  there  is a  lack of  research on  the  subcanopy 
 climate in the degradation stages of forest ecosystems. An 
analysis of the microclimate data of forest ecosystems could 
allow for better understanding of the ecological conditions 
in forest habitats. The forest microclimate is crucial for the 
growth  and  survival  of  tree  seedlings  and  understory 
 vegetation. The microclimate conditions in the degradation 
stages of a forest ecosystem have not been thoroughly 
 studied. Moreno et al. (2007) outlined the positive effects 
















island. The geological substrate is carbonate and silicaceous 
rock  and  their  various  forms.  Limestone  is  the most 
common of the carbonate rocks. The most common soil 
types are calcocambisol and lithosol, with a lesser share of 

































plots in the garrigue degradation stage, structural elements 
were not measured; instead, only the heights of the stand 
were measured.















Table 1. Characteristics of the experimental plots. Abbreviations: Qi-Mc, Holm oak with myrtle; Ph-Qi, Aleppo pine with Holm oak; Nsum, total 
















Površina (ha) 0.25 0.25 0.25 0.25
Phytocenosis












Nadmorska visina 90-100 100-110 100-115 80-90
Slope (%)







Brunisol on limestone and dolomite                                       
Smeđe tlo na vapnencu i dolomitu
Rock content (%)
Kamenitost 60-70 50-60 50-60 50-60
Cover (%)
Pokrovnost 40-50 100-100 90-90 90-90
Age (years)
Starost (godine) - - 65-60 65-70
Stand height (m)
Visina sastojine (m) 1.5-2 4-3.5 15-16 17-16
Nsum (N/ha) - 7400-12800 1626-1550 1364-1470
Gsum (m2/ha) - 39.1-48.4 42.3-43.1 33.7-43.9
Vsum (m3/ha) - 138.4-175.4 230.7-233.2 252.7-314.4
*Species composition (%)
Omjer smjese (%)
Arbutus unedo - 23-4 0-0 0-0
Erica verticlillata - 0-18 0-0 0-0
Laurus nobilis - 6-1 0-0 0-0
Quercus ilex - 61-53 99-99 3-3
Phillyrea angustifolia - 8-20 0.5-0.5 1-1
Pinus halepensis - 0-0 0-0 96-96
Pistacia terebinthus - 0-0 0-0 0-0
Viburnum tinus - 2-4 0.5-0.5 0-0
*Species composition expressed in (%) in relation to the overall wood volume of the stand
*Omjer smjese po vrstama je iskazan u (%) u odnosu na ukupni drvni volumen sastojine










automatic rain gauge over the entire period and values are 
presented as the total monthly value. Potential evapotran-
spiration (PET) was calculated using the Blaney and Criddle 
method  (Šimunić  2016).  The  dry  season water  deficit 
(DSWD)  is  expressed  in mm and can be calculated as 
DSWD = p – PET, where p is the amount of monthly rain-
fall (mm) and PET (mm) is the monthly potential evapo-
transpiration (Dufour – Dror and Ertas 2004). The dry se-
ason water  deficit  (mm),  potential  evapotranspiration 
(mm), and precipitation were calculated on a monthly level.
Ranges were calculated as differences between the maxi-


























absolute highest water deficit was  also  in  the  garrigue 
(-129.61 mm), and the lowest was in the Holm oak forest 
(-124.95 mm). The highest absolute annual range of preci-
Figure 2. Annual ranges of measured microclimatic elements (♦ max, ■ mean, ▲ min)
(Data present values of all weather stations per type of forest stand)
Slika 2. Godišnje	kolebanje	mjerenih	mikroklimatskih	elemenata	
(Podaci	predstavljaju	vrijednosti	svih	meteoroloških	postaja	po	tipu	šumske	sastojine)









potential  evapotranspiration  the  highest  range was  in 
maquis (88.10 mm) (Figure 2, 3). 
Figure 3. Annual ranges of measured microclimatic elements (♦ max, ■ mean, ▲ min).
(Data present values of all weather stations per type of forest stand)
Slika 3.  Godišnje	kolebanje	mjerenih	mikroklimatskih	elemenata
(Podaci	predstavljaju	vrijednosti	svih	meteoroloških	postaja	po	tipu	šumske	sastojine)
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perature ranges were lower in Holm oak forest stand than 








gure 2, 3).   








air temperature (p < 0.0000, MS = 0.08, df = 150.00), rela-
tive air humidity (p = 0.0000, MS = 9.52, df = 150.00), soil 
temperature (p = 0.0000, MS = 1.16, df = 147.00), volume-
tric soil moisture (p < 0.0000, MS = 5.21, df = 147.00), pre-
cipitation (p = 0.0000, MS = 66.22, df = 60.00), potential 
evapotranspiration (p < 0.0000, MS = 0.44, df = 60.00), and 




Holm oak forest versus the maquis stage (p < 0.0000, MS = 
0.08, df = 150.00). The mean values of soil temperature (p 
= 0.0000, MS = 5.21, df = 147.00), relative air humidity (p 
= 0.0000, MS = 9.52, df = 150.00), precipitation (p = 0.0000, 





ture (p < 0.0042, MS = 0.08, df = 150.00), relative air humi-
dity (p = 0.0000, MS = 9.52, df = 150.00), soil temperature 
(p < 0.0001, MS = 1.16, df = 147.00), volumetric soil moi-
sture (p < 0.0121, MS = 5.21, df = 147.00), precipitation (p 
< 0.0004, MS = 66.29, df = 60.00), potential evapotranspi-
ration (p < 0.0000, MS = 0.44, df = 60.00), and dry season 
water deficit (p < 0.0004, MS = 24.08, df = 42.00). The 
highest average precipitation (77.93 mm, p < 0.0000, MS = 
66.29, df = 60.00) and potential evapotranspiration (89.15 
mm, p < 0.0000, MS = 0.44, df = 60.00) were in the garrigue 
degradation stage. The lowest average precipitation (51.95 
mm, p < 0.0000) and potential evapotranspiration (83.79 
mm, p < 0.0000) were in the maquis stage. The mean dry 
season (summer) water deficit was highest in the garrigue 
Figure 4. Comparison of the mean values of air and soil temperatures, air humidity, and volumetric soil moisture. (a,b,c,d Values marked with dif-
ferent letters differ significantly, p < 0.05, bars represent mean values and standard errors)
Slika 4. Usporedba	prosječnih	vrijednosti	temperatura	zraka	i	tla,	relativne	vlage	zraka	i	volumetrijske	vlage	tla	(a,b,c,d	Vrijednosti	označene	različitim	slovom	
značajno	se	razlikuju,	p	<	0,05,	stupci	predstavljaju	prosječne	vrijednosti	i	standarne	pogreške)
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Figure 5. Comparison of mean values of precipitation, potential evapotranspiration, and dry season water deficit. (a,b,c,d Values marked with dif-
ferent letters differ significantly, p < 0.05, bars represent mean values and standard errors)
Slika 5. Usporedba	prosječnih	vrijednosti	oborine,	potencijalne	evapotranspiracije	i	vodnog	deficita	u	sušnom	periodu	(a,b,c,d	Vrijednosti	označene	različitim	
slovom	značajno	se	razlikuju,	p	<	0,05,	stupci	predstavljaju	prosječne	vrijednosti	i	standarne	pogreške)










Stand type x seasons
Sastojina x God. doba
F p F p F p
Air. temp.
Temp. zraka 656.01 0.0000 41.80 0.0000 8.54 0.0000
Soil temp.
Temp. tla 72.98 0.0000 56.41 0.0000 35.41 0.0000
Air humidity
Vlaga zraka 85.56 0.0000 23.07 0.0000 15.32 0.0000
VSM 44.65 0.0000 47.07 0.0000 3.69 0.0000
Precipitation
Oborine 45.29 0.0000 2.49 0.0000 2.49 0.0000
PET 328.42 0.0000 26.92 0.0000 3.37 0.0000
DSWD 4.65 0.0067 1.77 0.1984 0.17 0.9952
VSM – volumetric soil moisture, volumetrijska vlaga tla; PET – potential evapotranspiration, potencijalna evapotranspiracija; DSWS – dry season water deficit, vodni 
deficit u sušnom periodu
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According to the results presented in Table 2, the difference 
between two analysed factors and the interaction of factors 









significant difference  in  the dry season water deficit  in 




ces  were  detected  for  spring  (p=0.0577)  or  autumn 
(p=0.0731). There were also no statistically significant diffe-
rences for dry season water deficit by season between the 
garrigue and Aleppo pine forest stand (p=0.6369).
DISCUSSION 
RASPRAVA















is most sensitive in the germination phase. A temperature 
drop of -2 to -3 °C is sufficient to cause damage to young 

























of plants per unit area in this degradation stage and high 
plant cover moderate the influence of solar radiation. Diffe-
rences in air and soil temperature, relative air humidity, vo-





high silvicultural form. According to the climatic element 









to the air due to plant metabolism (Penzar and Penzar 
2000). For that reason, the mean value of relative air humi-
dity was highest  in the Holm oak forest with myrtle  in 
which there are tree, subcanopy tree, and shrub layers.
Previous studies have indicated that forest cover has little 
(Aussenac 2000, Morecroft et al. 1998, Gehlhausen et al. 









this degradation stage, there is less interception (Nakamura 
et al., 2017) and much more precipitation falls on the gro-
und in a shorter period of time. Due to the low plant cover 
and low interception, we hypothesize that there is greater 
400	 Šumarski list, 9–10, CXLIII (2019), 391–402
surface runoff, though additional research is needed to test 
this hypothesis.














and high silviculture forest form as opposed to the disconti-
nuous canopy in the garrigue. This sparse canopy and lower 

















Under the current conditions of changing a macroclimate, 
microclimate conditions are also altered. According to 
Nunes et al. and Sardans and Peñuelas (Nunes et al. 2017, 
Sardans and Peñuelas 2004), longer and more frequent pe-
riods of drought can be expected in the near future in the 






a key factor in tree survival and ecosystem productivity, 
particularly in semiarid regions (Moreno and Cubera 2008). 





mortality in drought conditions in comparison to the less 
susceptible Phillyrea latifolia and Arbutus unedo (Ogaya et 
al. 2003), and has a lower ecological amplitude for soil mo-




gradation stage. Openings in garrigues should be reforested 
with species that have broader ecological amplitudes for soil 
conditions, particularly soil moisture, such as Aleppo pine, 
maritime pine, Turkish pine, and manna ash. Under pine 
stands, the soil gradually takes on properties that allow for 
the appearance of species that make up the composition of 
the Holm oak forest. This is a long-term process that could 
take 60 to 80 years or more, depending on the habitat con-
ditions (Matić et al. 2011). 





in garrigues (Table 1). There are opposing opinions on 




our conclusion that Aleppo pine improves the microclimate 
conditions for Holm oak, though this is a long-term process.
An understanding of how ecological factors function and 
the reaction of ecosystem parts to those factors is essential 
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SAŽETAK
Hrast crnika (Quercus ilex L.) je temeljna autohtona šumska vrsta eumediteranskog područja Hrvat-
ske. Hrast crnika pridolazi u svim uzgojnim oblicima i degradacijskim stadijima, a makije i garizi su 
najčešći degradacijski stadiji crnikovih šuma. Nekontroliranim sječama sastojina sjemenjača i njihovim 
prevođenjem u degradacijske stadije, mijenjamo mikroklimu određene sastojine. Mikroklimatska 
istraživanja obavljena su na području otoka Mljeta. Mjerenja su obavljena u šumi hrasta crnike, u 
degradacijskim stadijima makija i garig te u šumi alepskog bora s hrastom crnikom. Tijekom dvije 
godine mjerena je temperatura zraka (°C), temperatura tla (°C), oborine (mm), relativna vlaga zraka 
(%) te volumetrijska vlaga tla (%). Potencijalna evapotranspiracija je izračunata prema metodi Blanea 
i Criddle. Vodni deficit tijekom sušnog perioda izračunat je kao razlika mjesečne količine oborine 
(mm) i potencijalne evapotranspiracije (mm). Najveća kolebanja mikroklimatskih elemenata su izm-
jerena u degradacijskim stadijima hrasta crnike. Najveća apsolutna maksimalna temperatura zraka 
izmjerena je u stadiju garig, a najveća minimalna u stadiju makije.
Prosječne vrijednosti temperatura zraka i tla, oborine i potencijalne evapotranspiracije su bile najveće 
u stadiju gariga, a najmanje u stadiju makije. Prosječna vrijednost relativne vlage zraka je imala najveću 
vrijednost u visokoj šumi hrasta crnike. Prosječna volumetrijska vlaga tla je bila najveća u makiji (14,28 
%), a najmanja u stadiju gariga (9,46 %). Vodni deficit u sušnom peridou bio je najveći u stadiju gariga 
(-73,95 mm), a najmanji u stadiju makije (-60,38 mm). Mikroklimatske prilike u degradacijskom stad-
iju gariga su nepovoljne za rast i razvoj hrasta crnike u odnosu na mikroklimatske prilike u sastojini 
visokog uzgojnog oblika. Prosječne vrijednosti mikroklimatskih elemenata u sastojini alepskog bora 
s hrastom crnikom bile su između prosječnih vrijednosti mikroklimatskih elemenata sastojine gariga 
i makije. Analiza ovih podataka mikroklime služi boljem poznavanju ekoloških prilika šumskih 
staništa.
KLJUČNE RIJEČI: mikroklima šume, struktura šume, hrast crnika, degradacijski stadiji, alepski bor
